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ABSTBACT 


The Thesis "An IiALR(i ) PAISER GEHERATOR” describes the 
design end impOLeneatation of an IiAIiR(l ) parser generator systen. 
Autoaatic parser generators are an essential tool in Tnanslattar 
Writing Systems. By using this progran, a Brcgranmer can develop 
a parser for veiy large graramers in a few days. IiAliR(l) has been 
chosen because the tables obtained by it are considerohly sma ller , 
than TiRCi ) tables, yet most ccramon syntactic constiucts can be 
ccnveniently expressed by an IiAI«R( 1 ) grsEBuer. Besites, ambiguous 
grammers augmented with precedence and associativity dedaraticns 
can also be specified. The system provides facilities to the 
progranaaer to incorporate error recovery routines in his parser. 
The sysrtem ha s been tested on seveznl grammers, i nc ludi ng the 
PASOAD gracimer. 
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CHAPTER I 


CTTBPHDGTIOH 


Autaaatic Parser geiiexatoisjare essential tools fca? ccmpller 
liters. Sjrntax analysis is the best mderstood aspect of coapHers 
and many good algorithms have been developed to generate parsers 
autcmatically* Most of the generators besides producing the parser^ 
help the user to isrite inpui grammers correctly. Ihe generators 
cheota. the input grammer for ambiguity and give aiitable diagnostic 
messages in case of errors in the input granmer. Indeed it is 
practically impossible to wite a parser by hand for some of the 
popular parsing methods such as M. By using »idx tools the programmer 
can develop a Parser in a few days for very large grarmers. 

Two. of the widely used Parsing techniques are I1L{1) and 
IiE( 1 ), also known as TOP-DCWH and BO^PTQa-OP Parsing. !The reader is 
referred to chapters 5f6 of |i3fora good treatment for both of the 
above te<hni<jies. Of the above two methods, IiR is more powerful as 
it accepts a larger class of grcmmers. 

The first paper on ER Parsers was T:^ KNUTH in 1965. However, 
direct imidemfflrtaticn of his method was very inefficient, later mor^ 
ptractical methods which are variants of the IR method, such as ItAI£(l), 
SER(i) and 1 R(o) were developed. !Ehese .consume less space and are 
efficdmt to Implement, however they do not accept all the graamers 
accepted by 1R(|)* 

We chose the LA1 R(i ) technique for cur impilementation. This 
method has been chosen because the tables obtained by it are donsiderably 
smaller than IR tables, yet most cdnmon syntactic ccmstiucts .can be 
cjOEcireniently expressed by an IiA1R(i ) grncroer.' Bealdee, just because a 
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technique rejects a particular grsoxxior does' not necvissorily neon 
that i't ^11 reject all Gronnero for the sane lar\;unge. The largest 
practically reccgnizable class is called the deteministic languages, 
and it is precisely the class d‘;finod by the IiR(k) gramers for any 
K$1, or by IiAIiR(i) grnmers, or by SIiR(i ) gramers. Thus, v;e do not 
sacrifice any languages when we restrict to on LAIiE( 1 ) gramer. 


An LAIiR(i ) Parser generator systen consists of two ports, 
a driver routine and a parsing table. The driver routine is the sane 
for all LAIiR(l ) Parsers; only the parsing, table changes frcca one parser 
to another* Thus generntirg the parser requires generating the parsing 
table fren the input gromer and then integrating the parsing table 
with the driver routine. 



(a) Generating the Parser 



Many algori'thns for MLH(l) Parser ccnstruction have appeared 
in -liie litera'ture. The algori'thm used here is due to B.B. Kristensen 
and O.Ii. Madsen [5 3 • Chapter 2 cf the thesis describes the algorithta, 
chapter 3 discusses the inplenentatioci and chapter 4 describes how the 
system is to be used. 






OHAHIER 2 


lalr( 1 ) algorithm 

This chapter describes the algorithia used in the inplaientaticm. 
It is asamed that the reader is faniliar -with the teniinology and 
ccnventicns concerning LR Graoners and^R Ptirsing Theory. The reader is 
referred to chapter 6 of [l • for a good troataent of LE Parsers. The 
algorithm used in our iaplorientr.tion is based on 1 5 j • This algorithm 
was chosen because it directly results frcci the definition of LAIiR(i) 
and is easy to under st nd and inpleuent besides being efficient. Seme 
ctf the definitions used are given here. 


■A context-free gremer is assumed to have the form 
G = ( N, 2! >P,S), where 'N' is a finite set of Non-Terminals, ’ S. * is 
a finite set of terminals, 'P' is a finite sot of Productions and *S* 
is tho start symbol, We assume that the grammer is reduced and free of 
useluss symbols. We extend the grammar by adding the production S’ -^S. 
The augmented granner is denoted as G’, 


The following convention is used* 

I 

Symbols such ns » ^ , Y ore in 

" ” ” a ,b , c are in 

” • " ” V ,x , y are in 

»' « ” A ,B , C are in 

" " ” X ,Y , Z are in 


(N U 1 ) ♦ 

x: * 

N 

(N ’J % ) 


The Null string is denoted by e cr ITOl. 


Pefiniticai 2.1 


^ ^Co) item of a Grommer G is a production with a dot at 
acne position q£ the right side. It is denoted as a 2-tupd.e<p,3 > 
Whore ’p’ is the production number and ’3' is the position of the dot. 





Thus A X.YZ is mi itera. 


Intutively an Itou is a partially reccgnized production, For e.g. the 
above itou tolls ur that we have already reccgnized X in the input 
string and expect to see a string derivable frcn ’YZ’. 

Definition 2.2 1 ~ 


A valid itcaa for a viable prefix ya is on itoa A-^^P 
such that there is a derivation 
* 

3'=^ YAW 

in na 

TShese valid items can be pre-computed for a given gramaer G. In ■ 
fact the liR(o) sets of items is precisely the set cf valid items. The 
reader is referred to chapter 6 of £l 1 for the algorithm on IiJl(o) 
it earns construction. 

Definition 2.5 

A State is a set of items. The closure of a state I is 
defined as follows* 

1 . Every item in I is in closure (l )# 

2. If A a • Bp is in closux^l) and 
B -»► Y is a production, then add 

B .y to I, if it is not already there. 

Definition 2.4*- 

GOTOCU), is defined to be the closure of the set of all 
items A 4 aX*p such that -A a-Xp is in state I. This definition 
can be extended to &0T0(l* a )*» 



Definition 2»5t~ 


t 


Kernel of a state S is defined to be the set cxf itens 
A a .p in the stat^ such that The only exception to this 

rule is the start state vhere S’ -^*3 is in the Kernel. 

7/6 con cccipute the IuMiPi(l) loofcaheads by usir^ the Kernel 
itens alone. This results in large sr.viiig in storage space needed for 
storing the itens in the states. 

Definition 2.6:- 


is used for LR(o) sets of itens. The algorithn to canjute 
is given in chapter 3* 

Definition 2.7:- 


TRED is defined as follows J 

let T-t I ^ ) and^t (irOSi)* then 

ERED(T,.C ) = .[ [t^ if<= e 

1’0[IEED(S,*(,’) I GOTO(S,X)=T}if <=<’X 

Descari-ption of the IiAIBCi ) Algoriliini- 

' We need to caapute the MIH(i) lookaheads only for those 
items which are of the type [a ->a .] . Informally the 1 AIiH(3 ) 

lookaheads of an itaa [A .] in a state T nay be described as the 
set of teminols that nay appear on input, if during pajising, the 
reduction A can be applied in state T. We are thus interested in 
knowing all states vhere parsing nay be resuned after the reduction by 
A is perfomed in T» 
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let S be a abate containing the item 9 .A 6 • 

lElien by closure operation it vtUl also contain the item A • a» I'e't 
GOTO(s, at) = T. Then we see that Parsing can be resumed in state S 
after the reduction A CK. in T and will centime in state R vhere 
1 =s GOTO(s,a). PRED(T,a ) is exactly the set of sadi states ^ere 
parsing can be resumed after the reduction A a* in state T* 

State E will contain items cf the form 9 ^ A* 6^^ 

for i= 1 » 2 «#.PtP> Since to cempute IAIECi) lootaaheads we are 
Interested in knowing all terminals that can appear on input after the 
reduction, we have to find such R states for each of the states in 
E8ED(T, a)m 


The terminal asymbols Ihat can be read In state H are 
U{pirst(8^) i = 1,2,....p} 

If some 6^^-=^ ® then we have to reducie by 9 A 6 

Then we have to find out the terminal strings that mey follow after 
this reduction i.e. we have to compute the LALR(i) lookahead set 
for 9^.A ] • Thus we get a recursive MLR(i) algcari-thm* 

The above description was an informal description cf the 
IiABRCi) algorithm. We give below the formal mathematical definition of 
the IAIE (1 ) and describe the algorithm in a Pascol-likB language. 

Itefinition 2 » 8 t- 

If T C then 

THAWS(?}) “U ^Pirst^( p ) ^ A a ♦ pC Kernel (t)! ~ (e|^ 


I 



Definition 2*S‘.‘ 


-: 7 :- 


If A £ N and S t tlxen 

IaU,s) = TRi\Ks(GOTO(s,A)) 

I LALE(i)( [e cp.Ad] ,S) 

j [b 9.a6]£s A ^ 4-e f ) 

Pron the above definitions tnd the dofiAtion of ) 

lookaheads v/o can write 

Por all items [a — ^ a . p land 85 !^ 

1.\LR(i)( [a a.p] jT) =ur I«a(a,s) j S ^ EE?ED(a}, ••«)]• 

The algorithm is described' in a Pregram like notation on next peg 
Since is in general full of <ycles, hence we must keep track cf 

items for which IiA1E(i) set has already been conpatod, so that the 
algorithm is efficient and recursion is guronteed to terminate. This 
is done by the variable 'DONE* which stores all the (ncn-terminal X state) 
pairs for vftiich IiAIB procedure has already been called. 

ExampOLe 


Pig. 2*1 gives the IiE(O) madaine for G rammer G1 given in 
Chapter 1, ■ 


Pig. 2*2 shows the prodecessor tree ihat wiU^^ be traversed if 
a call IjAIiR(l)([ E ID* 3 , 2 ) is made. A box ccaatains the number of 
the state and the item considered and the lookahead added in that state* 
The interior nodes coiTespond to states in wlrLda a recursive call is 
made,. The leaves correspmd to states in iffcidi recursion is stopped. 
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lyocedure LALR 1 ( I: ITEM ST:STikTB;var LAt lookaheadset); 

vur done : array [ 1 . .DOHBMAX] of record 

EONTERMIHAI , STATE : integer 
end ; 

Procedure TILINS ( T : S $ATB ) ; 

begin for all items [A -^a.pj do 
IiVi=Iuk+EIRSTj:p)-; 3 '; 
end for 

end Trans : 

Procedure 1 AI«R( I ; ITEM ; T ; STATE ) ; 

begin assume I=[A a.p]} 

for S 6 PRBD(T,a) •where (A,S)^DORB do 
D0NE:=D0!IB+(A,S)5(^ add to POKE array 
TRiiNS(GOTO(S,A)); 

for [B <p . A6 ] € S A 6^ e ^ 

if LAIR has been computed 

then LA : sLA+LASBT ( [B 9 . A6 ]y S ) 

else XALR( [B (p,A6],S) 
end for 
end for 
end LALR tf 
begin 

IX)RE:=OjLA; = [ ]} assume I=[A -^a.p]; 

if A=S’ then LA; = else LALR(l,T) 
end LALRlt 

ROTE; assume has no action associated with it. 

^ denotes the end of Input and is not a symbol in (NU£ ) 
LASBT is the lookahead symbols computed for that item. 




oslled ■■ because State 1 laas 
already been ccjiFutad. 

flStTBS 2,2 
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CHAH?ER 5 

IMHMBNTATiqj CP fflE MLRCi ) JOiSOBITaff 


This chapter gives the implaaentation details of the 
algorithm. Most of the important data structures and procedures 
are described in this chapter'. 

MT is used as an abbreviation for Hon-Teiminal. 

T is used as an abbreviation for Terminals* 

3.1 ms A STRUCTURES;- 

\ 

(a) Arrays TSAVE and FDSAVE are used to store the names of the 
identifiers declared as Terminals and NoorTenainals respeCtiveSty.* 

NUIi, $, EREOR are pre-de dared Terminals. 

STiiRTP is a pre-de dared Non-Terminal. 

$ is a pre-de dared spibd used, to denote ^d of 
input file. 

(b) To store the produotlons. four arrays HTAEHAY jNTSOIfS * 

PRC(DAERAY and PROD are used. " 

Since one NT can be DJJ.S. cf many prodictions, hence NTARRAY 
points to the first prodfi^lcn of each NT into the PRCtDASRAY. 
The rest of' the producti^ are li^tteed in PROa^AR^Y, NTSONS ' 

' keeps caints of the rmaber of productions, for iuft^ich a 
particular NT is the ctf the production, 

I 

BEJODARRAY stores the des^if^^ of all productions* Each 
production is described a® a S?©oord ^oae fields are explained 



below: 


11 


Precedence : 

KD I 

BEXTPBDD 

PRODEER : 


integer} (♦ Erecedence of the Production *) 

integer; (* L.H.S. otf tlie Production *) 

integer; (* Points to -ttie next Prodaction for 
soae ME *) >■ 


integer; (* Pointer to the PROD array irtiere the 

R.H.S. of the productioa is stored *) 

integer; (* no. of symbols in tide R.H.S. of the 
production *) 


The array PROD stores the R.H.S. of tiae producticns. 
Each elaaent of the array PROD is a record with the following 
fields: 


ALPHA : Aljhastype ; (* Terminal or HE *) 

NDlff : Integer ; (* The number assigned to Aliha *) 


LAMDA is an array Which stores whether a particolsr 
non-terminal generates the Hull string or not. The value is 
TRUE if Hull string is generated, otherwise it is lAlSE 


FT is an array »totch stores the first eijrmbols for each 
ncn-terminal. 


Eadi ITBg description is stored in the array ITU©. An item 
is of the form vhere p is the production number and 

j is tire place of dot .cn the -R«H<S« of the prodxction. 

ITPIK is an'array cf recordswhose fields are described beloTif: 

LAK: Boolean; (* If Production is of the form 
A <P*# and P ^ A th®a 
LAW=OTE else LAMsFAISE *) 



MDONE: BoaLesn; (* Initially set to false. 

lHhen lAER Set .has been caaputed for 
this item then it is set to THJE *) 


lEQMJO; integer; (* the ntaaber of Ihe production *) 

EMCE: integer; (* the ELace of the dot *) 

PHEDPTR: PEJEEPE; (* Pointer to linked list of 

Predecessor states for this item. 

See definition of Predecoosor flfcctes 
in previous chapter *) 


LAIR: LASEI; (* The lookahead set ccnputed for 

this item is stored here *) 


Each State is stored in the array STATES. A State is a 
collection cf ITMS. We store caaly the Kernel of each 
State. Besides the Hul productionsvhida are added due to the 
closure of the State are also stored in the Kernel. Since ITOL 
productions doa*t have any symbols on the R.H.S. hence we 
store only the production numbers. All other productions in 
the Kernel Don’t have a dot at position Zero (except the 
initial State). The description of these items is stored Ih 
the ITEMS array. Thus eadi state is described as a 3 ? 8 card 
nAiose fields are described below 


irOCFITEaBs integer; (* no. of items in the State *) 

KPTE-: .. int^er; (* Points to ITEtfe array vSieice the 
, ITEMS of the Statb are described ^ 


HITE! 


P&OTO: ffCfeOTYPB; 


integer; (* n»ed by e^ardh. See description 
01 ? ‘faJh^edUTO tHITPSTATE *) 

io a linked list w^ch 
litet action has to be 
eacti input symbol *) 


SOIiPROD: NDLITE; 



to a linted list of 
l©Ii Productions in 1Ms State *) 



(g) The 60T0 cm infe ig stored In a separate table. This table 

is very sparse and mary states don't have any GOTO entries 
on ST'S. Hence we have for eadi sSQS-^eiminal^a list of pairs 
cf the form (Current-State, Sext state). Thus TGCTO anay stores 
the pointer to a linked list of records ^ose fi^d descsripticms 
are given below: 

CUEEIESTSTATE, NEXTSTATE: int^er (•* described above *) 
PTR: BGOTO; (* Pointer to next element *) 

TPEEID stores the precedence and association described for each 
terminal. (See Section 4.5). The default value for Precedenc^e 
is Zero and Associativity is undefined. 

TEMPI , TEMP2 and TPAISB arrays are used for outputting the 
Parse Table. SiJice many rows of the Parse table are canmon 
we eliiainate these rows to reduce the table size. All states 
having common entries point to the same row in the Parse Table. 

To look for the ccomon rows, we first see If -Hae 
xiumber of entiles in Ihe ro^ are same (called length of 'tiie 
row). Since many rows can have same mnaber of entries, henoe 
TMPi has a Pointer to, entry in TEMP2 for a particular length 
of the row. In TEMP2 all rows idiose l^ogths are same aro linioed. 
Besides they point to the appropriate row in the TPAESE. table. 

See figure 3.1. 

3.2 Description of Pari^bS6uTOsg- 

5»2.1 : BEAIiEICiPT is the first main Erocedare whi^ reads the Gracmer 
from the Input file. The Syntax of the Graomer is given in APPBJDIX. 

This Procedure has been written usirg the Secursive descent techniqjue 
iidaich is familiar to a^l students of ccmpilers. The method of error 


(h) 

(i) 
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recovory used is Panic node. If errors in. Input Gromer are detectedj 
the Prcgran outputs the error nedsagos on tho OUTIUI file and aborts 
the I'rcgrons after giving the ’PR06E/M iiBOiilED' nessoge j on the TTY* 
Ho further description is necessary as the prcgran uses the standard 
recursive descent technique. 

3.2.2 : Procedure : 


This Erocedurr ccaputes vhich Non-Teminals can generate the 
empty string .- nd vhich can not. If sets the corresponding entries in 
the LMBDA array to TRUE or FALSE depending on whether the NT can generate 
a NUIi stung or not. Refer to Page 64 of f 23 for the algorithm. 


3.3.3 ? Procedure FIRST : 


This I’rocedure computes the First symbols of all N on-Terminals . 
It updates the array FT with the coapited first symbols for eadi 
Non-Teminal# Refer to pege 65 of TrJ for the algorithm. 


3.3.4t Procedure PROOITMS : 

This Procedure computes the IiR(o) sets of items. Besides all 
GOTO entries ore fillod in during this time. In this section STATES 
denotes the array which stbr'-s the states. The algorithm is given below:- 

begin 

STATES: = { CLOSURE ( |_S» ->.s} )} ; 
repeat 

for each set of items in STATIDS end each gramer 

Symbol X such that GOTO(l,X) is not eamply and is 
not in STATES 

do add GOTO(I,X) to STATES 
Until no more sots of items can be added to STATES 

end. 



Procedure OIDSUBE ccmpatas the closuro of the state. Actually it 
does more than that. It ccnputes tho (JOTO(l,z) for all items of 
the type ■‘A a.xp". Since G-OTO(l,x) has to be soarchod in the 
STATES array, the items in GOTO(l,x) are kept in a sorted form. 

This enables us to ccmpare tv/o status directly, if the number of 
items in them are same. 

KAHRAY stores the it^ms of GOTO(l,x). All the items 
of GOTO(l,x) arc linked by the NPTR field of KAERAY. The number of 
items in GOTO(l,x), the pointer to the first item cf GOTO(l,x) and 
number of X, sure stored in TARRAY if X is a teminal otherviiso they are 
stored in ^-TARRAY. See fig. 3.2 for the data structure representation. 

The Procedure HSXTSTATE searches GOTO(l,x) in the STATES 
array. If GOTO(l,x) is not found then procedure SEARCH adde SOTQ^I^) 
to states. Procedure NEXTSTATE updates the action table of the 
current state for both terminals and E cn-Teiminals. Besides nu ll 
productions in the current state are added to the Kernel of the 
current state. 


Erooddure SEARCH returns the state nmber if G0T0(l,x) 
is found, otherwise it adds GOTO(l,x) to states and returns the state 
number of the new state. Since number of states can be very large > 
to search fast we link all status vhose itssms hare the foacm'A !• p* 
The Pointer to the first item of the list is kept in STPTR if X is a 
terminal, otherwise it is kept in array SNTPTR. The states are linked 
by the NPTE field in the STATES array. See figure 3*5* 

3.3.5 Proceetarc ITEMIETIABISEt- 

This procedure initialises all the items in the ITEMS 
array. Ehccept for the first state, it initialises LABOHE t# false 



since LAIiR(i ) set is not known for the itan, lEEKEPH to HTL since 
predecessor states are initially NIL and liffll is set to THJB 
if 1iie item is of the fcsm A a.p WIL, otherwise 

it is set to FALSE. 

3.3.6 Prooedore IiAIiRSEI:~ 


This Procedure has been impLemesnted as described in 
the previous chapter and is easy to follow. 

3.5.7 PBBD.QQMHJTATION!- 

We observe that the Procedure MLE is called only itien an 
item is ccmpLete in a state or ■viien the item is of the form B <fmA6 
and 5 e. Thus the ccmputation of PEED states is needed for the^ 
items only. PEED has been recursively defined earlier. However we use 
a different non-re cursive method to ccmiute PBBD states. 

The array TGOTO has a llnted list of pcdrs_of the foim 
(current state, nextstate) for eada NT. Thus for a ncaa-termlnaL A, the 
liniced list will have all the states (in the currentstate field) iitoer^ 
as items of the type B ^ (p .A6 appear. The algorithm is described 
on the next page* 

The states Wrich have items of the, form A q) B^ and 
6 — ^ initialized by the Procedure ITMINTIALISE. 



Erocedure CCMHJTE^ERED 


begin 

For all Noo-Terminals do 

(* assume A, Is the Nm-Cenolnal *) 

?or all states in. current state field of the TGOTO 

linked list for A ^ 

(* assume S Is the State *) 

For all Eroduction cf the type [a «a ]lti S ^ 
go forward over gymbcls of o using GOTO 
Tables and store current state in EBED 
field if the state has an item of the 

■X* 

form A a* or A q)«B 6 aud 6 — ^ © 
end for 
end for 
end for 

end; 

5.3.8 Erooedure OUTPARSETABIiE;- 


This Erooedure outputs the Parse Table in the file nmed 
PARSET. At this stage the daift actions for all states have already been 
ccmputed and the lAIiB lookahead sets fear all completed items in Ihe 
states have been computed. This procedure does the following for all 
states : 


1. OOPIIS the daift entries in the array named PAERAY, 

2. Eaters the reduce entries in the state fear all completed 
items of the state. These reduce entries are ente3red in 
PAHRAY. 


■While trying to enter a Reduce entry for a Terminal the 
Parser may ^counter a Shift-Redioe or Reduce-Eeduce conflict. A 



Shift-ReducG conflict is resolved as foUov/s:- 


a* If Precedence of xeminal involved is greater than the 
Precedence of the production, thon the ACTION is SHIFT 
and vice-versa. 

b. If the Precedence cf Terminal and Production are equal then 
if the associativity of the Teniiinal is IIUFT then the AOTICai 

IS HEDCJCE 

if the associs^tivity of the Tominal is BIGHT then the 

action is SHIFT 

if the associativity is not defined then error is 

reported in the OTTPCT file, and action taken is SHIFT 

A Eeduce-Eeduce conflict between Productions Pi and P2 is . 
resolved as f ollows:- 

a. If Precedence of Pi ^ P2 then reduce by Pi and vice-versa 

b. If Precedences are equal then error is reported j^n the 

OUTPUT file and action taken is HEmC3 by Pi. 

3. If the state has a shift on ’EIRROR’ Teminel then all lookahead 

are enunerated, otherwise the Parser enunerates lookaheads only ' 
to the extent necessary to resolve the Parsing action 

conflicts. Eeduce action is indicated for all remaining 
Tominal Symbols by a production vhich has tho maximum 
lookahead symbols. This reduces the size of the Par®5 Table 
considerably. 

4. The current action How of the state is ccapared by the Procedure 
OOMPAEE with all the RO./S vSiida had the same number of' entiles. 
If it is identical with sene other RCfU then it is not outputted, 
otherwise, it is outputted on the file PiiESET. 



5.3«9 PROSBjM DBIVER:- 


The listii3g cf this Prcgrcm is given in the end. The parse 
tables have beeai generated as tua IIITISOCEDUHB ty ’the previous prcgram. 
These tables are copied after the declaration section of the program 
DEIVER is over. The lexical aiuilyzor raid error rocoveiy routines have to 
be viritten by the user (see chapter 4)* 

The Prcgran DRIVER consists of two procedures GrBTAOTION and 

PARSIHJn. 


The Irocedure SETACTIOH gets the next action given the 
current-stato. It eamines all the tominal entries in the row of -Hie 
current-state. If sane terminal number matches with Ihe Current Symbol 
then the action is copied. If none matches then error is signalled. 

NOTE:- 

1. The entry '0* always matches with all terminal symbols. 

2* If there is a shift on ’ffiffi'OR* ^niboL then it is always the 
first entry of the state. This has been dene so that when we 
go down the stack looking for a state having a ^ift on *BHSOE’, 
we have to check only Ihe first entry of each state. This is 
needed during Panic mode error recovery. 

Procedure PAISEnJE drives the Parser. Siven the current— state 
and ourrent-siynb'aL it calls CBTACTION for the action to be taken. The 
canfiguratiens resulting after the different moves are ns follows*— 

a) . SHIFT * The current-state & symbol are pudred into the stack 

and 1h.e Parser enters a new-state. . (Dhe next symbol is 
got from the inpuSr* 

b) . PTCniJOEs 1 ), If we reduce by the production S' -^3 then we 

that parsing is over. 



2)» iC it is any other pro(3uction. then to pop the 
the stack '1' elements, vhere *1 * i4 the length 
of the production. T7e then push the Fan-TenainaL 
which is on the E.H.S. of the production and the 
current- state onto the stack, and the parser 
enters a new state. 

Semantic actiais can be taten at this tine, 
c)# 3ER0R ; Call error recoveiy routine. 

Procedure EREOERBCOVCHr has to be vritten by 
the user, 

3«3<.10 Bxmplet- 

Phe ccnputer output of the MLR Parser for the g3ramer G2 
Is ^own on the next |^e* 
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IITSirHTGTIOHS TO ITHE USER 

This da:*i;ter gives irif amatian about how the Parser generator 
Esystea can be used; Basically a Parser generator systen consists OEf two 
Prggrons. The first PrograE, called the CONSTHJCTOR genemto* the 
Psirse Tables for the input gramer. The Second Prcgran called the 
R300QNIZBE, is a set cf routines which use the tables output by the 
‘Constructor’ to parse sentences of the language. In cur syston the 
‘Constructor’ ixrqgran is the LAIR.EXE file, and the ’Recognizer' . 
prcgran is the DRIVER. PAS file. 

To use the system the user has to do the following 

1* Give input granner in the file named ‘INPGT’, See appendix 

I 

on how to specify the input granner. 

2. Run ItALR.EXE 

5» In case errors are reported by the prcginm then examine the 

output file ’OUTHJT' for the errors. See the section cn error 
messages for the errors reported by the system. 

4« If no errors are reported then the Program writes 

MAXITms = ‘number* and SAVED = ‘number’ on the TTY. The value 
of SAVED is just an indication to the user about how much -Mie 
table has been ccmpacted. This value is not used elsewhere. 

f 

In the file named ’ OUTHJT’ tfie values of liie constaaats 
GCMAX, MAXITSMS, TOIAX, TB4AX, MAXP and MAXSTATB are given. 
These constonts are the values of vaxiois table sizes that have 
been cutput by the prcgran. Those values have to be entered in 
the OGEJST declaration section cf the DRIVER. PAS file. 



5* Add the Lexical analysis, error Recovery and seciantic 
routines in the DRIVER. PAS file. 

6, Copy the file 'PARSET' outputted by the previous pregram, 
after the declaration section of the DRIVER. PAS pregrsm. 

t. Coaiile and execute the DRIVER. PAS file* 

The following sections pro\'ide details aboat the ^sten. 

4»1 Output Piles t" 

©le LALR.EXB progrm outputs two files named ‘OUTPDT* 
and 'PARSEI*. 

4 .U 1 . The file ’OOTRJT* contains -the following inf onaations- 

a) The Input gromaer given by the user. In case errors a3?e 
detedted, the error positions are marked and suitable error 
numbers ore written. At the end of the file, for ea<4i error 
number a suitable error message is given. 

b) If there ore no errors in the Input grrmner, then the states 
generated will be listed. For all productions in the state, 
which are complete or ore of the fcan (a — ^ cp .B6 and 

the predecessor states IREDS and the DALE set computed will be 
^imieiated. 

A typical state listirg is given below 

state no. 10 

[ 2.1 ] 

[ 5.1 ] 

[5,3 ] h?eds r 3 6 7 

LALR + * 
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[ 2 , 1 ] [3>l] tolls us that the productions 2 and 3 
are in this stato and the dot is after the first position. 

For [3j3j 'Which is a ccnpLetod itan the FEEDS and lAlR 
have been listed. 

DALE (+ t * ) tells us that these are the lookahead 
synbols that have been conputed for this production. 'FREDS 
(lj3»6j7) tells us that these lookaheads have cone frca itens 
in states 1)3j6 and 7. 

c) Constant values vftiich give the size of various tables generated 
by the prcgroni These values have to be entered in the 'const 
declaration part* of the DRIVER. PAS file. 

d) In case there are Shlft-Reduce or Reduce-Reduce conflicts in 
the Parse Table, then the states in vihich the conflict has 
occured are listed. See section 4-. 4 for error nessages. 

e) The teminals, ITcn-Te m inals and Productions are outputted 
alongwi'th nunbers assigned to then in the prcgaran. 

The Teminals are listed as f ollov^s*- 

4 + 29 IiEFT.. 

6 ID 0- 

This tells us that the Tezninal synbol *+' has been assigned 
nunber 4, its precedence is 29 and associativity is EEilPT. If associativitj 
is not defined then nothing is vcritten in this field. The default value 
of Precedence is 0. 'Teminals 'ERL’, *$*, ’ERROR’ are standard names and 
are always outputted. Users can’t use these names for their Temi n als. 

The Productions ore listed as follows 

5 29 E = E + T; 
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This tells us that the Production nunher is 5* its Prscedanee 
is 29. In case Precedence for a Production is not defined then it is 
assuned to he Zero. 

STAHTP =3 is a standard Production usid to augraent the 
grander and is always the first production listed. 

4.1.2 The file 'PARSST* contains the larse table* It is a series 
of IHITPEOCEKJEE declsiTations. This is becouse PASIdDL doesn't handle 
very large proceefiares. This file should be copied after the declaration 
section of the PRIVIilR.PAS file. 

4«2 Lexical Analyzer:-* 

Lexical Analyzer recognizes tokens in the Input and passes 
then to the Parser. This routine has to be v/ritten by the user. The 
procodUM nme has to be imSYIfflOLj as the Parser calls lexical analyzer 
by this none. The value has to be passed in the variable *0S1MB0L’* A 
nunber le associated to each Terminal defined by the user. TIhen a terminal 
synboi is recognized in the input, the nunbor associated with the symbol 
should be passed in ’CSYMBOL’. The numbers associated with the Terminal 
symbols are listed in the output file. For end of file the value 2 has 
to be passed as tixis number is assigned for end of the file. < 

4»3 Semantic Actiemst- 


S«Eiantic Actions can be incorporated in LR Parsing action 
tables. However, it is custcnoiy in "bottora-up" cempilers to associate 
semantic actions only with the reduce actions, thereby allowirig semantic 
nodules to bo cleanly separated from the Parsing nodule- Since LR parsers 
have no difficulty with enpty right sides, null productions can he 
inserted anjntxere in the gramer as hooks on to hang semantics. 
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The reader is referred to Chaptei* i al [i] foj*nore details on Semantic 
analysis* 


Thus 1dae Semantic analysis phase can he totally separated 
froa the Tarsing phase i The output of Parsing phase is a list of 
Production nunbers in the order they •were reducedi In case transliteration 
of "Hie input has been done then the actual symbols have also to be outputted 
alongwlth the Production number. 

4* 4 Error Messages t- 

Fdllowing are the error messages given on the TTY by the 
LAIiR* EXE Ercgrcffii s 

a) ’Ercgran Aborted'* This error is given vftien there are errors 
in the Input Gr-ammer. The error listing is given in the file 
called 'aJTHJT*, 

b) *HT UNUSOIHED' ; This error is given vshen it is not possible 
for procedure 'lAMBDA* to determine whether the ncn-teiminal 
rasaber given generates the Sull string or not. This generally 
indicates that 1iie input gvfsmeT is 'wrcng and acme procfciotions ' 
have not been written. ' 

o) *(Gonsta3it Hame) Sroeeded'* This error message is given ^en 

Hie array bounds are exceeded* Tor e.g* 'MMAX EXCEEDED' means 
that na-rinnim juEiber of Hon-Teiminals allowed have been exceeded* 
Alt Ihe^ ccaistant values are declared in the CiMST decla37ations 
' pa3^ off the program IiAlE.PAS. Bae user ^ould increase the 

eenstant value exceeded and. then recompile LillUPAS file* The 



comnands are as faLlows:- 


.R I’ASREECi 
* LALa.PAS 
. LOAD L/iR.lSJL 
. SAVE L/Juft.ESCE 40 

NOTE;-- Moxinun value of UTM/OC is 210 and TI.IAX is 140. These 
volues con not bo dicn^ed. 

d) ’StllPT REnJCE ERRORS': This error nessnge is given vSaen there 

are conflicts in the Parsing table vftiicjh could not be resolved. 
This neons that the granner is not LALR(i). The errors ore 
listed in the 'OUTIUT' file. Errors are reported in the 
foLloTiing fora; 

***** Errors in state = 5 

Shift Rgduce error. TFO = 6 PROD 110 = 14 

Reduce Reduce error. TNO = 7 PROD HO = 15 » PROD HO = 17 

The above messoge tells us that in state 5» a shift 
Reduou conflict has occurs d on Terainal number 6, The Productic 
■ number involved is 14. Similarly for the second case both the 
product! r-is 15 €ind 17 are trying to reduce on Terminal number 7. 
The user has to modify the inpit grommer or, resolve the conflictsi 

by giving PREGEDSHCE information. To get more idea about the 

( 

error and how it has been generated, the user can see all the 
items in the state, the lALR lookaheads and Predecessor slJates. 

4»5 Handling Ambigucus G-rammers: 


It is a theai*en that every ambiguous gmnraer fails tob<f LR* 
However the user can specify ambiguous g rammers and resolve the conflict 
by giwiDg, PreoedQioe aud associativity declarations. This is needed for 
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instmce to solve the ’dangling else’ problga in Pascal. Por a good 
description on handling of nnbigucus gronner, the user is referred to 
chapter 6 of [l]. 


Precedonce con be assigned to all Torainals^ The Texninals 
listed fir^t are given highest preccdsnce (nuaber 30) and others axe given 
lower precedence* For e*g# the declarations 

Precedence 

left 

* 

Precedence 

left 

4 - - 

Precedence 

else 

I 

Precedonce 

then 



Thus * has precedence 30 and is left associative. 

+j~ have precedence 29 and are left associative. 

'else ’ has precedence 28 and associativity is imdefined 
’then’ has precedence 27 and associativity is undefined. 

The Productions oar be assigned precedence of any of the 
Te r mi n als given in the precedence declaration. Por e.g. 

3 Stmt * if 0 then Stmt Precedence then 

4 Stmt = if 0 then Stmt else Stmt Precedence else 

If we have shift-reduce conflict on the Terminal ’else' with 
Prod. no. 3 then the Parser resolves the conflict in favour cf shift 
action because the PrecGdence of terminal ’else' is 28 and Precedence of 
Prod. no. 3 is 27. (= the Precedence cf Terminal ’then'). 

4. 6 Error Beoovery t~ 

Most of the existing automatic error recovery methods are cjuite 



poor iu perfomcaice. Besides too rauch. rostrictiva is inposed on the 

bG 

wcsy productions have to/Myritten by the user. Tho error recovery nethod 
given here is the ono used in YAGO and also discussed in [1,4! . The 
esoror rcutinos have tc be vtt*itten by the user. 

The user identifies najor non-tenoinals cf his progran and 
writes the error productions of the type "a — ^ a error ."(error is a 
standard terainaL nano). In the provicus chapter we hf.ve described that 
the parser coi pacts the table by us^ng ’default reductions’ in states. 

These however severeljc haiiper local error recovery ns redaction can occur 
on wrong inputs. The Parsor enmerates all lookaheads in states wtoich have 
a shift ui ’error*. Then the user can try local error recovery by deleting, 
inserting or replacing the input ^ibols by one of the shift symbols of -Qiat 
state. 


In case local recovery is not possible then v/e down the 
parse stack till a shift on * error* is enoointerod. The parser then 
shifts Over the ■ ’error’ token and then roducos by the error 
production. Then the appropriate error recovery routine is called vfoich 
skips the input tin a ^lift synbol of the current stack is encomtered. 
Besides certain xaaj or .keywords of the language are never skipped. 

In case these are .jnccuntered the parse stack has to bo reconfigured. 

Method to reoc#ofigurp the stack for LL(l ) parser hhs been discussed in [7] 
and with sane nodifi cations it can be adopted for the MLR(i) parser as well. 

4»7 ExsiBia.es I 

The coaputer outputs for grccmer G-1 are given on the next page. 

■ Note the errors reported in the OUTHTT file ‘because the grconcr is 
anbigucus. 

Gromer G1 is then nodified by giving Precedence and associativity 
declarations to Teminals and Productions. The output of the modified G1 
Gronmer is also given. 
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GHAPIER-5 


CONOLUSIOUS 


The LiiliR(l) Parser generator syst ac scribed in this 
report has been tested on Viirious input grartners. ’Te have tested it 
on the Pascal gransrier, vAiich had about 150 productions, 60 teminals 
md 60 Non-terainals. 

The Progran currently outixits the actions for a state in a 
list fom. The list consists of pairs of a teminal ssrciboL and the 
action associated with the synbol. This neans that wc have to search 
the list I or the Teminal Symbol to get thi' action. Though this method 
uses less stcarage spr.co, it nay be slow. Thus a different scheme for 
table representation can be inploaented -which makes the searching faster. 
One such technique, could be that the list is sorted, so that the most 
frequenlO.y oocuring symbols are near the he:'d of the list. Other 
techniques like matrix representation cculd also be used. These charges 
can be made witheut affecting the rest cf the Pregrom. 

Not much has been done for error recovery in this implonentatiocii. 
Though it is difficult to autcciatic orror recovery ftaiy, seme parts could 
bs possibly autemated. For instance the Panic mode error recovery could 
be possibly automated. Error recovery sdienes have to be incorporated 
in the Driver prqgrco. 


lutcmatic Parser generators are only a smal l part cf the 
Translator Writing Systems and much work needs to be done, in case We 
want to automata -the next phases cf cenpilor writing. The output cf the 
Parser ^ould be suitably defined, so that it is ccmpatible with the 
input needed by the Seman-^ic phase. These changes have to bo made in the 
3hrf.ver routine. 



AEPEtTDIX 


INHCT Gmmm 


EEIWQHDSt GEAUHER TEMINAL ^(mEmmUL ERBCEDENCE EROIOOTIOI 

END lEPT EIGHT NOHj^SOO NUL 

OEBEATOBSt = I I 


Iiexioal GcaaTOntloas: 

) Blanks are used as dellni'ters for all lexical "tokens* 

Hence blanks diould be alvteiys pit. bet"»een tokraas* 

2) IBENTIPIER is 

Sequence of letters 

Sequence cf characters itoicfa. are not in letters 
or operators. 

a string of characters in quotes. 

Thus following are valid identifiers: 

HAMB ’END^ * f * ’ .> =* 

;gOTE: EBB j > = are put in quotes because 
END is a kesywoord and f contains operators f 

and = • 

Granaer gpeoifioatiaai 

»Tihft Input gsraasaer is described b^ow: 

Useigramaer = ’•GEiffliMBR" ntded tded prded prodded "EHD» 
ntded = »»]fOHTEaiINiI.»> ntlist 

tded » ’TEHHNit” idlist 

jBe^scl » Wl I prtarpe 


a) 

or b) 

or o) 


idlist 


prded 



-: 32 :- 


prtype = HUL ! '’liSI’T” | ’’EIGHT” j ’’UOEASSCX) ” 

prodded. = ’’PEOIUCTIOIT” pOList 

= ntid ”=” rbnpn-r-h 

j plist ntid ”=” rhsprrt 
ibsPEirii ~ idlist precedence part ”j” 

j idlist precedence part ' »• | » rhspart 

« 

precedence part = NUi | "KlECEDEKC3'= IDHNTITIjilR 
ntlist » ntid j ntlist ntid 

ntid = IDEIITIPI3R 

idlist = IKENTIRIER | idlist IDENTIFIER 

. / 

Note ; a; ”ntid” checks that the identifier has only letters. 

Nan-Teminal names ^culd uso ody letters. 

b) NUI, $, ERROR are pre-declared terminal names. 

c) STARTP is a pre-declared Ncaa-Teminal name* 

d) The first identifier dedared in the Non-Terminal 
list is taken as the START symbol cf the gramer. 
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